Background and Aim: Tubular penetration of root canal sealers prevents filling material displacement and overgrowth of microorganisms in dentinal tubules. The aim of this study was to compare the tubular penetration of AH26, EasySeal, and SureSeal sealers in single-rooted teeth using scanning electron microscopy (SEM). Materials and Methods: Fifty human single-rooted teeth were included in this experimental study. After root canal preparation, AH26 was used in group 1, EasySeal was used in group 2, and SureSeal was used in group 3 using the lateral condensation technique. Sections at 3 mm and 6 mm from the apex were prepared and subjected to SEM analysis. Analysis of variance (ANOVA), post hoc and paired t-tests were used to compare the deepest dentinal penetration of root canal sealers. Results: The deepest tubular penetration at 3 mm from the apex was 0.85±0.19 mm in group 1, 1.32±0.21 mm in group 2, and 1.17±0.42 mm in group 3; the difference was significant (P=0.01). The deepest tubular penetration at 6 mm from the apex was 1.09±0.3 mm in group 1, 2.12±0.45 mm in group 2, and 1.88±0.43 mm in group 3; the difference was significant (P=0.0001). The mean deepest tubular penetration was lower at 3 mm from the apex compared to the penetration at 6 mm from the apex (P=0.02). Conclusion: It seems that tubular penetration of AH26 sealer is less than that of EasySeal and SureSeal at 3-mm and 6-mm sections.
Introduction:
Elimination of microorganisms from root canal space and preventing the recontamination of the space are ideal goals for root canal treatment. Root canal sealers are used to fill the microscopic gap between core materials and root canal walls.
(1) Furthermore, the sealer that penetrates into dentinal tubules may trap residual bacteria that had previously penetrated into the tubular dentin. (2) Therefore, sealer penetration might render a more predictable root canal treatment. (3) The presence of a smear layer in prepared root canal walls may occlude the dentinal tubules, thus preventing root canal sealer from penetrating into dentinal tubules. This layer might interfere with the adaptation of filling materials to root canal walls. (4, 5) There is no real chemical bond between root canal sealers and the dentinal wall of root canals; however, tubular penetration of root canal sealers may enhance the micromechanical bonding of sealers and subsequent sealing properties of root canal sealers. (6) Wettability, surface tension, and hydrophilic properties of root canal sealers may interfere with their tubular penetration. (7) Tubular penetration of root canal sealers can be analyzed by light, confocal or scanning electron microscopy (SEM). (4, 8, 9) The main advantages of SEM over light or confocal microscopes are the high magnification and more precise detection of surface details and sealer penetration margin. (10) AH26 (Dentsply DeTrey GmbH, Konstanz, Germany) is an epoxy resin-based sealer with good sealing properties; however, previous studies have shown that this sealer has no chemical bonding to the dentinal wall of root canals. (11) EasySeal (Komet Brasseler GmbH & Co., Lemgo, Germany) is an epoxy resin-based root filling material. This sealer has a low solubility; it is flowable and shows great resistance to high temperatures. (12) SureSeal (Sure Dent Corp., Gyeonggi-do, Korea) is a bioceramic sealing material. This sealer is biocompatible, osteogenic, highly antibacterial (pH=12), and hydrophilic. (13) The aim of this in-vitro study was to compare the tubular penetration of AH26, EasySeal, and SureSeal sealers in single-rooted extracted teeth using SEM.
Materials and Methods
Fifty intact human central incisors with straight root canals and mature apices (a #10 patency file can pass through the apical foramen) were used in this experimental study. An initial periapical radiograph was obtained from the teeth to confirm the presence of a single straight root canal within the root and the absence of pathologic root resorptions. The teeth were distributed randomly into group 1: AH26 (n=15), group 2: EasySeal (n=15), group 3: SureSeal (n=15), and a control group (no sealer, n=5).
Standard access cavities were prepared using a high-speed handpiece and water coolant. The working lengths of the teeth were established by reducing 1 mm after a #10 K-file (Dentsply Maillefer, Ballaigues, Switzerland) had passed the apical foramen. Samples with apical constriction bigger than a #20 K-file were excluded. The root canals were shaped using the step-back technique with a #40 master apical file (MAF), and the rest of the canal was flared to #60 by reducing 0.5 mm from the working length with each file number. The smear layer was removed using 17% ethylenediaminetetraacetic acid (EDTA; CinaBartar Co., Tehran, Iran) and 5.25% sodium hypochlorite (NaOCl), each for one minute. The final irrigation was done with distilled water. (4) Finally, the root canals were dried using paper points.
AH26 was used in group 1, EasySeal was used in group 2, and SureSeal was used in group 3 using ultrasonic tip E9 (Woodpecker, Guangxi, China) for 10 seconds circumferentially, and obturation was done using the lateral condensation technique (#40 master apical cone, #25 spreader, and #20 lateral cones). All the samples were incubated for 2 weeks for the complete setting of the sealers. Each tooth was embedded in self-cure acrylic resin for section preparations. One-mmthick sections, perpendicular to the long axes of the teeth, were prepared at 3 mm and 6 mm from the anatomic apices using CNC machine (Delta Electronics, Taoyuan, Taiwan). The prepared sec-tions were rinsed with 17% EDTA solution to remove superficial debris. The sections were gold coated and analyzed for the deepest penetration level of sealers into dentinal tubules using SEM (Hitachi S-4160, Tokyo, Japan).
Low-magnification (x20) images were used for estimating the deepest penetration site of the sealer. High-magnification (x500) images were used to determine the exact point of sealer penetration ( Figure 1 ). The deepest penetration levels in the experimental groups at 3 mm and 6 mm from the apex were analyzed and compared using analysis of variance (ANOVA), post hoc and paired t-tests.
Results:
The deepest tubular penetration at 3 mm from the apex was 0.85±0.19 mm in group 1, 1.32±0.21 mm in group 2, and 1.17±0.42 mm in group 3; the difference was significant (P=0.01). The deepest tubular penetration at 6 mm from the apex was 1.09±0.3 mm in group 1, 2.12±0.45 mm in group 2, and 1.88±0.43 mm in group 3; the difference was significant (P=0.0001).
The mean deepest tubular penetration in group 1 at the 3-mm section (0.85±0.19 mm) was lower compared to the penetration at the 6-mm section (1.09±0.3 mm); the difference was significant (P=0.02).
The mean deepest tubular penetration in group 2 at the 3-mm section (1.32±0.21 mm) was lower compared to the penetration at the 6-mm level (2.12±0.45 mm); the difference was significant (P=0.0001).
The mean deepest tubular penetration in group 3 at the 3-mm section (1.17±0.42mm) was lower compared to the penetration at the 6-mm level (1.88±0.43mm); the difference was significant (P=0.0001; Table 1 ). Discussion:
Penetration of root canal sealers into radicular dentinal tubules renders a better sealing ability and prevents residual bacteria from regrowth within the tubular space. Increasing the sealerdentinal wall contact area preserves a better hermetic seal. (14) There is no real chemical bonding between most of root canal sealers and dentinal walls; therefore, tubular penetration of sealers causes a better mechanical retention of root filling materials within root canal space. (15) This study indicated that the tubular penetration of EasySeal and SureSeal was more than that of AH26 group at both 3-mm and 6-mm levels from the anatomic apices, while the overall penetration of the sealers was deeper at the 6-mm level compared to the 3-mm level.
The deeper penetration of EasySeal sealer compared to SureSeal can be explained by the lower film thickness of this sealer, which may overcome its lower hydrophilic properties compared to SureSeal sealer. (16) The deeper tubular penetration of sealers, at the 6-mm section compared to the 3-mm section, can be explained by the higher thickness of dentinal tubules in the middle and coronal parts compared to the apical part of the root. (17) There are various techniques for sealer placement in root canal space including the use of a lentulo spiral and ultrasonic devices with up and down movement of the master cone, file or spreader; the ultrasonic technique renders better sealer distribution within root canal space. (18) Confocal microscopy, stereomicroscopy, and SEM are used for detection of tubular penetration of root canal sealers; the latter provides higher magnification and allows for better observation of surface topography. (19) The presence of a smear layer obstructs the tubular ostium and prevents sealer penetration into tubular space; therefore, removing the smear layer using 17% EDTA and 5.25% NaOCl enhances tubular penetration of root canal sealers. (4, 20) Irrigant delivery system has no effect on tubular penetration of root canal sealers. (21) De-Deus et al concluded that the vertical compaction technique causes deeper penetration of root canal sealers compared to the lateral condensation or single-cone techniques, while the lateral condensation technique renders better sealer distribution in root canal space, especially in the middle and coronal thirds. (19) On the other hand, Jeong et al concluded that warm vertical compaction technique does not influence the tubular penetration of calcium silicate-based sealers. (22) In an SEM study for assessment of the tubular penetration of AH Plus and Epiphany sealers, Kara Tuncer and Tuncer concluded that the tubular penetration of AH26 sealer enhances using 17% EDTA, maleic acid or citric acid as final irrigation after removing the smear layer from radicular dentinal walls. (23) In an in-vitro study using a confocal microscope, Chandra et al detected maximum tubular penetration in the RealSeal group followed by the AH Plus, RoekoSeal, and EndoRez groups. (24) The maximum penetration was detected in the coronal third followed by the middle and apical parts; (24) their results were comparable to those of our study.
In an SEM study by Khader, it was concluded that tubular penetration levels of AH Plus and Apexit Plus were the same, while the Tubli-Seal group showed less penetration. (6) In the mentioned study, longitudinal sections of roots were studied instead of horizontal sections; the latter allows for better observation of tubular penetration of sealers in all directions. In a confocal microscopic study by Kuçi et al, it was concluded that removing the smear layer enhances the tubular penetration of MTA Fillapex but it had no such effect on AH26 sealer. (4) They stated that the MTA Fillapex group exhibited deeper tubular penetration compared to the AH26 group, and the reason for this difference can be attributed to different methods for tubular penetration assessment and different sealer placement techniques. (4) Attur et al studied the possible correlation between dentinal tubule penetration and microleakage of three root canal sealers including AH26, zinc oxide eugenol (ZOE), and mineral trioxide aggregate (MTA) using dye leakage and SEM methods. (25) In the mentioned in-vitro study, it
